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The present invention relates to a coated cutting tool 
(cemented carbide insert) particularly useful for machining o£ 
cast iron parts l^y t\xming« 

Cast iron materials may be divided into two main catego- 
ries, grey cast iron and nodular cast iron. Typical for cast 
iron materials is that they often have an outer layer of cast 
skin, which might contain varioxis inclusions of sand# rust and 
other impurities, but also a surface zone which is decarburized 
and contains a larger amount of ferrite than the rest of the 



The wear when machining grey cast iron materials with 
Al203-coated cutting tools is dominated by chemical , abrasive 
and so called adhesive weaur. In order to protect the cutting 
tool against chemical wear it is desirable to use as thick 
AI2O3 -layers as possible. This is contradicted by the proper- 
ties regarding adhesive wear that this type of layer generally 
possesses. Adhesive wear occurs when fragments or individual 
grains of the layer are pulled away from the cutting edge by 
the work piece chip formed. Especially the svirface zone with 
high amounts of ferrite puts severe demands on the adhesive 
properties of the coating, and in combination with the inclu- 
sions in the cast skin on the work piece this causes notch wear 
at the depth of cut at the main cutting edge . 

Another feature in the machining of grey cast iron is the 
sensitivity for excessive amounts of Co binder phase in the in- 
terface between the cemented carbide cutting insert and the 
coating. Excessive amoxints of Co binder face deteriorates the 
adhesion between coating and cemented carbide and leads to 
flaking of the coating during machining. 

Swedish patent application 9502640-7 discloses a coated 
cutting insert tool consisting of a cemented carbide body of a 
coinposition 5-11 wt-% Co, <10%, preferably 1*5-7.5 wt-%, cubic 
carbides of the metals Ti, Ta and/or Nb and balance WC, espe- 
cially suited for machining o£ low alloyed steel components by 
turning . 
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It has siirprisingly been found that tv combining the fol- 
lowing features: a cemented caurbide body with a highly W- 
alloyed binder phase, a low content of cxibic: carbides and a 
well defined surface composition resulting from a specific 
5 sintering process, a columnar TiCxNyOj^-^layer, a textured a- 
AI2O3 -layer r a TiN^layer, fulfilling the demands of easy ^ 
identification of used edges, and a post*- treatment of the 
coated cutting edge by brushing, an excellent cutting tool for 
machining of cast iron materials, especially grey cast iron, 
10 can be obtained. 

Fig 1 is a micrograph in 2000X magnification of a coated 
insert according to the present invention in which 

A - cemented carbide body 
B - TiCx^^yOz-leyer with equiaxed grains 
15 C - TiCxMy02* layer with columnar grains 

D - TiCxNyOx^^layer with equiaxed or needle lilce grains 
E - textured a*Al203«layer with columnar like grains 
P - TiN- layer 

According to the present invention a cutting tool insert is 
20 provided with a cemented carbide body of a coorposition 5-8 wt-% 
Co, <2 wt-%, preferably <0.5 wt-%, most prefcjrably 0 wt-% cubic 
carbides of the metals Ti# Ta and/or Nb and balance WC. The 
grain size of the WC is in the range o£ 1-2*5 fim. The cobalt 
binder phase is highly alloyed with W. The content of W in the 
2S binder phase can be expressed as the 

CW-ratio» Mg / (wt-% Co • 0.0161), 

where Ms i^ the measured saturation magnetization of the 

cemented carbide body in kA/m and 

wt-% Co is the weight percentage of Co in the cemented car- 

.30 bide* The CW-value is a function of the w content in the Co 

*i* binder phase. A low CW«value corresponds to a high W-content in 
* 

the binder phase. 

It has now been found according to the invention that im- 
proved cutting performance is achieved if the cemented carbide 
.'•is body has a CW-ratio of 0.75-0.93, preferably 0.80-0.90. The ce- 
mented carbide body may contain small amounts, <1 volume-%, of 
eta phase (M<C) , without any detrimental effect. 

•• • 

■ • • 
• 
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NuvurffiEimi Kbmii 

Thd eurfacd composition of the ctta^tod carbide insert is 
well defined and the amount of Co on the surface is within ^2 
wt% to 4-4 wt% of the nominal content. 

The coating conprises 
5 - a first (innermost) layer of TiCxNyO^ with x^y^z^l, pre- 

ferably y>x and z<0.1, most preferably y>0^8 and z»0, with a 
thickness of 0.1-2 ^in, and with equiaxed grains with size <0.5 
fim. In an alternative embodiment the TiCxNyOs layer preferably 
has the composition z<0.5 and y<0.1r most preferably 0.1<z<0.5 
10 and y=0. 

- a layer of TiCx^^r^x x+y^z«l, preferably with z=0, x>0.3 
and y>0.3, most preferably x>O.S, with a thickness of 4»12 
^m, preferably 5*10 ^m, most preferably 6-9 ^m with columnar 
grains and with a diameter of <5 ^m» preferably <2 jim 

15 - a layer of TiCxNyOj, x^y^z=l with 2<0,5, preferably x>y, 

most preferably x>O.S and 0.1<z<0.4^ with a thickness of 0.1-2 
lim and with equiaxed or needle like grains with size <0.5 ^m, 
this layer being the same as or different from the innermost 
layer 

20 - a layer of textured, fine-grained (with average grain 

size 0,5-2 fim) a-Al203-layer with a thickness of 3-8 Jim, 
preferably 3-6 \im. 

- an outer layer of TiCxNyO^* This TiCxNyO^- layer consists 
of one or more layers with the composition x^y4z=l, z<0.05 

25 preferably y>x. Alternatively^ this outer layer consists of a 
multilayer of TiN/TiC/TiN in one or several sequences and a to- 
tal thickness of 0.5-3 jim, preferably 1*2 jim. This layer 
exhibits a grain size <1 fim. 

In order to obtain a smooth cutting edge line suitable for 
•30 machining r the edge of the coated insort is subjected to a 

brushing treatment giving a surface roughness Rinax^0*4 \xjs\ over 
a length of 10 \xxn according Co the method described in Swedish 
patent application 9402543-4. This treatment removes the top 
layer of TiCxNyO^ along the cutting edge line. It is also 
*>5 within the scope of this invention that the surface might be 
smoothened by a wet blasting treatment. 

Furthermore, as disclosed in S%radish patent 501 527 or 
Swedish patent application 9304283-6 or 9400089-0 » the a- 




♦467269092 SfiNDUIK COROMPNT RD ' F-785 T-5B9 P-flB6/«15. 06^09. 96 I5i4l 

^ OKtfMocfireavBrfgBC 
* 1998 -09- 0 8 

AI2O3 -layer haa a preferred crystal growth orientation in 
either the (104)-*, (012)* or (110) -direction, preferably in the 
(012) -direction* as determined by X-ray Diffraction (XRD) 
measurements. A Texture Coefficient # TC# can be defined as: 



TC(lilcl) - i-(h)cl) ^n Zrflolhkl)* 



where 

Khkl) 8 measxured intensity of the (h)cl) reflection 
10 Io(h]cl) = standard intensity of the ASTM standard powder 



n = number of reflections used in the calculat^ion, (hkl) 
reflections used are: (012), (104)^ (110), (113). (024), 
(116) 

15 TC for the set of (012), (104) or (110) crystal planes 

ought to be larger than 1.3, preferably larger than 1.5. 

According to method of the invention a WC-Co-based cemented 
carbide body having a highly W- alloyed binder phase with a CW- 
ratio is subjected to a sintering process according to prior 
20 art including a cooling step which at least to below 1200 is 
performed in a hydrogen atmosphere of pressure 0.4*0.9 bar as 
disclosed in Swedish patent application 9602750**3. 
The insert is coated with 

- a first (innermost) layer of TiCxNyO^ with x+y-^zsl, pre- 
25 ferably y>x and z<0.1, most preferably y>0.8 and z^O, with a 
thickness of 0.1-2 ^m, and with equiaxed grains with size <0.5 
fUn. In an alternative embodiment the TiCxNyOs layer preferably 
has the composition 2<0.5 and y<0.1, most preferably 0.1<2<0.5 
and y-0. 

po - a layer of TiCxNyO^ x^y4.2=l, preferably with 2=0, x>0.3 

and y>0.3, most preferably x>0.5, with a^ thickness of 4-12 pn, 
preferably 5*10 ym, witii columnar grains and wit:li a diameter of 
I <5 Jim, preferably <2 \m, deposited preferp.bly by KTCVD-tech- 

nique (using acetonitrile as the carbon and nitrogen source for 
•is forming the layer in the temperature range of 700-900 ^C) . The 
exact conditions, however, depexid to a certain extent on the 
design of the equipment used. 
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• a layer of TiC^^^^' x*y^«»l with s<0«5f preferably x>y, 
most preferably x>0.5 and 0.1<z<0.4, with a thickness of 0*l«-2 
\m and with equiaxed or needle like grains with size <0.5 
using known CVD-xnethods this layer being the same as or diffe*- 
5 rent from the innermost layer, 

- an intermediate layer of a smooth textured a*Al203- layer 
according to Swedish patent 501 527 or Swedish patent applica- 
tions 9304283-6 or 9400089-0 with a thickness of 3-8 ^m« prefe- 
rably 3-6 Jim, 

10 -an outer layer of TiC^y02« comprising one or several in- 

dividual layers each with composition x^y-fz^l and z<O.OS 
preferably y>x. Alternatively, this outer layer consists of t 
multilayer of TiN/TiC/TiN in one or several sequences. The 
total coating thickness of these outer layers is 0.5-3.0 pm, 

IS preferably 0.5-2.0 fim. The grain size in this outer layers is 
<1.0 fjun. 

The edge line of the inserts is smoothened e g by brushing 
the edges with brushes based on e g SiC as been disclosed in 
the Swedish patent application 9402543-4. 
20 When a TiCxNyO^- layer with z>0 is desired, CO2 and/or CO 

are/is added to the reaction gas mixture. 



tauMnple 1 

A. Cemented carbide cutting tool inserts of style CNMG 
25 120412-KM with the composition 6.0 wt-% Co and balance WC were 
sintered in a conventional way at 1410^C and cooled down to 
1200^C in 0.6 bar H2 giving inserts with a binder phase highly 
alloyed with w, corresponding to a CW-ratio of 0.85 and a Co- 
content on the surface corresponding to 7 wt-% as measured with 
•y) Energy Dispersive Spectroscopy. After conventional ER-treating 
the inserts were coated wi^.h a 0.5 }im equiaxed TiCxNy02 -layer, 
x«i0.1, y«0.9, 2-0 and an average grain size of approximately 
5* 0.2 Jim, followed by a 8 . 0 fim thick TiCxNylayer x=0.55, yaO.45, 

with columnar grains with an average grain size of 2.5 ^m, by 
•is using KTCVD-tectinique (process temperature 850 ^C and CH3CN as 
*: the carbon/nitrogen source) . In subsequent process steps during 
the same coating cycle, a 1 |im thick layer of TiCxNyOjc (about 
mO.€. ywO.a and s«0.2) with equiaxed grains and an average 
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grain size of 0«2 iim was deposited followed ksy a 5.0 |im thick 
layer of (012) -troctured a-*Al203^ with average grain size about 
1.2 fim, deposited according to conditions given in Swedish 
patent bOl 527. On nop of the a«*Al203- layer was 
S TiN/TlC/TiN/TiC/TiN deposited in a multilayer sti-ucture with a 
total coating thickness of 1.5 im, the average grain size <0.3 
fin in each individual layer. Prior to machining the inserts 
were subjected to a brushing treatment in which the cutting 
edge lines were smoothened with a 320 mesh brush containing SiC 
!0 as grinding material, the outer TiN/TiC-multilayer was removed 
by the brushing treatment along the cutting edge line. 

B. Cemented carbide cutting tool inserts of style CNMG 
120412 -KM with the composition €.0 wt*% Co and balance WC were 
coated under the procedure given in A) . The cemented carbide 

!5 body had a CW-ratio of 0,98 and they were subjected to a 

conventional sintering without H2 during the cooling step. The 
Co content on the insert surface was approximately 30 wt»% as 
measured with Energy Dispersive Spectroscopy, The inserts were 
subjected to the same brushing treatment as in A.) prior to ma- 

20 chining. 

C. Cemented carbide cutting tool inserts of style 
CNMG120412-KM fiom the same batch as in A.) were coated with a 
4 ^m equiaxed layer, the grain size was < 2.0 ^m, of TiC fol*- 
lowed by a 6 ^m thick layer of AI2O3 according to prior art 

25 technique. XRD-analysis showed that the Al203-layer consisted 
of a mixtuze of a and K-AI2O3, approximately in the ratio 
60/40, the a-Al203 showed no preferred growth orientation as 
measured by ,XRD. The grain size of the 1C-AI2O3 was 2*0 pjn while 
the a*Al203 exhibited grains up to 5.5 |lm. 

tJO D. Cemented carbide cutting tool inserts from the same 

batch as in C. The inserts have been subjected to a wet blast- 

« ing treatment after coating. 

I E. Ceinented carbide cutting tool inserts of style 

CNMG120412-KM from the same batch as in A.) were coated with a 
93 2 |im equiaxed layer of TiCxNyOx, the average grain size of this 
layer was 0.2 ^m, followed by a 6 ^m thick columnar TiCN uepo- 
oited according to prior art technique the grain size in this 
coating was approximately 3.0 |&m and a 6 ^m thick layor of 



• 
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(012) -textured a-Al20^ depoaitad according to the same procGae 
conditions as in A.). The inserts were subjected to the same 
brushing treatment an in A.) prior to machining. 

F. Cemented carbide cutting tool inserts of style 
5 CNMG120412-KM with the composition 6 wt-% Co, 4 wt-% cubic 
carbides and balance WC were subjected to the same coating 
process as in A.) The CVT- ratio of the inserts were 0.88 and 
they were subjected to a sintering process using H2 during the 
cooling step, the Co content on the surface was 9% as measured 
10 by Energy Dispersive Spectroscopy. The inserts were subjected 
to the same brushing treatment as in A. ) prior to machining. 



The inserts were tested in a facing operation. The work 
piece material was nodular cast iron, SS717 . The workoiece 

■A* 

15 shape causes intermittent cutting conditions during each 

revolution. Cutting speed is 250 m/min« feed 0.10 mm/rev ana 
cutting depth is 2.0 mm. The operation is performed using 
coolant . 

This type of operation typically causes severe flaking of 
20 the coating. The coating is torn off the insert in fragments. 
The wear can be measured as the part of the edge line on which 
the coating has flaked off compared to the total length of the 
edge line used in the cutting operation. 

Insert type % of edge line with flaking 

25 A <5 

B 40 
C 100 
D 70 
E 25 

•ao F 20 



Inserts of type A« D and E in Example 1 above were tested 
in em. intermittent cutting operation in grey cast iron, 5S0125. 
is The cucting conditions put high demands on the flaking resis- 
tance of the coating as well as the chemical and abrasive wear 
resistance of the coating. The shaping of the work piece is 
such that for each revolution two entrances in the work piece 



♦467269092 SP^muiK OKCIiPNr Rj)^ ^^^^^^^^ ' r 06.09.96 15443 




rP^i0/O15 06.09.96 15i43 



1B96 -09- OQ 

will be made giving iatezvdttent cucting conditions , The Kamn 
cutting speed v«>300 n/min, the cutting feed •0.25 am/rev and 
the cutting depth s 2.0 mm. The machining %#a8 made without 
using any coolant. 

Insert type nuxhber o£ passes before 

the edge was worn out 



A 
O 

E 



60 
48 
48 



The same cutting conditions as in exaicqple 2 and inserts of 
type A, C, D, and F from the same batches as in example 1. in 
this test coolant was used during machining. 



Insert type nvunher state of the edge 

of passes 

A 60 undamaged edge llne# 

not worn out 

C 48 fracture in cutting edge^ 

insert worn out 

D 24 fracture in cutting edge, 

insert worn out 

P 24 fracture in cutting edge* 

insert worn out 



Cemented carbide inserts of type A and B in example 1 above 
were tested in a turning test that causes deformation of the 
cutting edge leading to flaking of the coating and enhanced 
wear of the insert:. The test is performed in a nodular cast 
iron SS0737 and for a certain combination of feed and cutting 
depth in a longitudinal turning operation the highest possible 
cutting rate before deformation of the cemented carbide occurs 
is sought . 




; >*tP!alPrt.oclif8awrtHt 

Insert typo Highest possible cutting speed ^ 

niiwwfaMw Konoi 

A 475 m/mln 

B 400 ffi/fflin 



• 



« 



SPNDUIK CQROIPNT RD 



10 



IS 



20 



25 



.30 



« • • 
• • • 

• • • 

• • • 



• • • 




10 




P-«12/0i5 26.09.96 15:44 

MLtPatert-ochrBg.vBfBl 
1996 -OB- 0 8 



Huvu 



n Ka 



1. A cucting tool Insert eonprising a coating and a ce- 
carbide body characterized in that said 
cemented carbide body consists o£ WC, S-8 wt-% Co and <0.5 wt%, 
cxibic carbides of metals from groups IVb, Vb or VTb of the 
periodic table with a highly W-alloyed binder phase with a CW- 
ratio of 0.8-0.9 and a siurface composition of the cemented 
carbide body being well defined the amoxint of Co on the surface 
being within -2 wt% to wt% of the nominal Co-content and in 



- a first (innermost) layer of TiCxNyO^ with x+y+zsl and 
y>x and z<0.1 with a thickness of 0.1-2 \m, and with equiaxed 
grains with size <0.5 |im 

- a layer of TiCxNyOz where x^y+z^i and z=0, x>0*3 and 
y>0-3, with a thickness of 5-10 Jim with columnar grains with a 

diameter of <2 im 

- a layer of TiCxNyC^ where x^y^z^l, z<0.5 and x>y with a 
thickness of 0.1-2 \m and with equiaxed or needle like grains 
with size <0.5 

- a layer of smooth, textured, fine-grained (0.5-2 )xm) a- 
AX2O3- layer with a thickness of 3-6 ^m 

• an outer layer of TiCxNyO^ x*y^z«l, z<0.05 with a thick- 
ness of 0.5*-3 fim and a grain size <1 

and in that the outer coating layer has been removed in at 
least the edge line so that the Al203-layer is on top along the 
cutting edge line and the outer layer of TlCxNyO^ is the top 
layer on the clearance side. 

2. Cutting insert according to the preceding claim 
characterized in that the a-Al203-layer has a 
taxture in (012) -direction and with a texture coefficient 

TC(012) larger than 1.3. 

3 . Cutting insert according to any of the preceding claims 
characterisedin that the first (innermost) layer 
of TiCxNyOz has the composition z<0.5 and y<0.1. 

4. Cutting insert according to any of the preceding claims 
characterised in that the outer TiCxNyOs layer 
cozisi8t.8 of A multilayer of TiN/TiC/TiN in one or several 
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5. Method of making a cutting insert comprising a cexnen^fSSP* '^'"^ 
carbide body and a coating charaeterizedin that a 
WC*Co*based cemented carbide body is 

- subjected to a sintering process includixig a cooling step 
S which at least to below 1200 is performed in a hydrogen 

atmosphere of presstxre 0.4-0.9 bar and thereafter coated with 

- a first (innermost) layer of TiCx%02 with a thickness of 
0-1-2 Jim, with equiaxed grains with size <0.5 |im using known 
CVD-metbods 

10 - a layer of TiCxNyO^ with a thickness of 4-12 Jim with co- 

Ixjunnar grains and with a diameter of <5 pm deposited by MTCVD- 
technique, using acetcnitrile as the carbon and nitrogen source 
for forming the layer in a preferred temperat\ire range of 850- 
900 OQ. 

15 - a layer of TiC^^JyO^ with a thickness of 0.1-2 jun with 

equiaxed or needle like grains with size <0.5 pm^ using known 
CVD-methods 

- a layer of a smooth textured a-Al203-layer textured in 
the direction (012), (104) or (110) with a thic)aiess of 3-8 |im 

20 using known CVD-methods 

- an outer layer of TiCx^^z with a thickness of 0.5-3 \xia, 
using known CVD-methods and furthermore 

- the outer layer of TiCxNyO^ is removed by brushing or 
blasting in at least the cutting edge line so that the AI2O3- 

25 layer is on top along the cutting edge line and the outer layer 
of TiCxNyOz is the top layer on the clearance oide of the 
cutting insert. 
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Abstract: MimrifanB Komi 

The present invention dlflcloses a coated cutting insert 
particularly useful for cutting in cast iron materials. The in- 
sert is characterised by a straight WC^Co cemented carbide body 
having a highly W-alloyed Co-binder phase, a well defined 
surface content of Co and a coating including an innermost 
layer of TiCxNyOs with columnar grains, a layer of a fine 
grained, textiired a-Al203- layer and a top layer of TiCxNyOz 
that has been removed along the cutting edge line. 



10 
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